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TITLE OF THE INVENTION 
CROSS LAMINATED ORIENTED PLASTIC FILM WITH INTEGRAL CORE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a laminate sheet construction. 

More particularly, the present invention relates to a laminated material having cross- 
laminated plastic film layers. 

[0002] Cross-laminates of uniaxially oriented films from crystalline 

polymers are known to exhibit a number of beneficial properties including improved 
tear resistance, as for example is disclosed in Rasmussen, U.S. Patent No. 3,322,613, 
the disclosure of which is incorporated herein by reference. A more modern 
discussion of forming multi-layer, oriented or "bias-cut" plastic films is described in 
Barnes et al., U.S. Patent No. 6,284,344, the disclosure of which is incorporated 
herein by reference. 

[0003] Despite advances in multi-layer film technology, use of such 

films as the strength layer in a laminated structure with paperboard are still 
characterized by relatively poor tear characteristics. In effect, the poor tear 
characteristics of the paperboard are imparted to the cross-laminated layers and the 
tear propagates through each of the layers. Also, in fabricating products, the 
dissimilar materials of such laminates can present a number of problems including 
poor adhesion of the film to the paper board surface, which can result in spalling and 
other undesirable characteristics in the finished laminated product. 

[0004] Accordingly, there is a need for a highly tear resistant laminate. 

Preferably such a laminate is formed using known material and known manufacturing 
methods. 

SUMMARY OF THE INVENTION 
[0005] A multi-layer lamination has a core sandwiched between a first 

oriented plastic layer and a second oriented plastic layer. The orientations of the 
plastic layers cross at an angle between but not equal to zero degrees and 1 80 degrees. 
Preferably, the plastic layers cross at an angle of about ninety degrees. Also 
preferably, the core is paperboard. 
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[0006] The integral lamination of the paperboard as a core layer 

improves the overall tear resistance of the laminate by allowing the two oriented outer 
layers to act virtually independently of each other. In this manner, one lamination 
orientation and resulting stress field offsets the lamination orientation and stress field 
of the other layer at the paperboard layer. Advantageously, the structure is 
symmetrical with plastic film on both surfaces, which also allows for easier 
fabrication techniques. Such a plastic laminate (at the surfaces) also offers excellent 
printability and a permits use of a variety of known sealing methods for use in 
package fabrication. 

[0007] These and other features and advantages of the present 

invention will be readily apparent from the following detailed description, in 
conjunction with the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] The benefits and advantages of the present invention will 

become more readily apparent to those of ordinary skill in the relevant art after 

reviewing the following detailed description and accompanying drawings, wherein: 
[0009] FIG. 1 is an exploded perspective view of a multi-layer 

lamination according to the present invention; and 

[0010] FIG. 2 is a schematic illustration of an exemplary process for 

making the multi-layer laminate. 

DETAILED DESCRIPTION OF THE INVENTION 
[0011] While the present invention is susceptible of embodiment in 

various forms, there is shown in the drawings and will hereinafter be described a 
presently preferred embodiment with the understanding that the present disclosure is 
to be considered an exemplification of the invention and is not intended to limit the 
invention to the specific embodiment illustrated. 

[0012] Referring now to the figures and in particular to FIG. 1 , there is 

shown a multi-layer lamination 10 in accordance with the principles of the present 
invention. The lamination (or laminate) 10 is formed from a core or substrate 12 that 
is sandwiched between a first oriented plastic layer 14 and a second oriented plastic 
layer 16. In a present laminate 10, the core 12 is paperboard. The direction of 
orientation of the first plastic layer 14 crosses the direction of orientation of the 
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second plastic layer 16 at a predetermined angle a such that the orientations of the 
layers 14, 16 are non-parallel. That is, the plastic layer orientations cross one another 
at an angle a between but not equal to zero degrees and 180 degrees. As seen in FIG. 
1, the orientation of layer 14 is indicated by the lines at 18 and the orientation of layer 
16 is indicated by the lines at 20. 

[0013] Relative to a reference direction of the core 1 2 (which reference 

direction is indicated at 22), the orientation angles au, ai6 of the layers 14, 16 can 
range from about 20 degrees to about 70 degrees, and are preferably between about 39 
degrees and about 57 degrees. A most preferred orientation angle <Xi 4 , a\e of each 
layer 14, 16 is about 45 relative to the core (or about 90 degrees to one another). 

[0014] The plastic layers 14, 16 can be disposed directly on the core 

1 2, or they can be adhered to the core 1 2 using a bonding layer 24, 26. In a present 
laminate 10, a bonding layer 24, 26 is disposed between each plastic layer and the 
core 12, which bonding layers are formed from a bonding media, such as low density 
polyethylene or the like. 

[0015] A preferred material for the plastic or outer layers 14, 16 is a 

high density polyethylene (HDPE). Other suitable materials include polypropylene or 
a variety of other polyolefin materials and blends, so long as the material is capable of 
being oriented. A typical lamination 10 includes a bleached uncoated 12-20 point 
paperboard core 12 sandwiched between oriented plies 14, 16, each ply having a 
thickness of about one mil to about three 3 mils. 

[0016] The laminated sandwich structure 10 combines the inherent 

strength and tear resistance of a cross-laminated film and the machine processability 
of paperboard. Such laminate structures 10 are useful for integration into pilfer 
resistant, high strength packages and other applications where high tear resistance 
offers an advantage over existing paperboard structures. 

[0017] Those skilled in the art will recognize that the orientation of a 

plastic layer is a characteristic that is imparted to the film during manufacture. 
Typically, a polymer is melted and extruded into a bubble form from an extruder die. 
The film is then cooled, for example, using an annular air-ring (blown film process). 
The cooled bubble is collapsed to form layflat tubing which is then stretched. It is the 
extrusion and stretching operations that "orient M the film. Essentially, the long chain 
polymer molecules are oriented or directed as a result of the extrusion and stretching 
processes. The oriented layflat tubing so produced is then bias cut to produce a single 



3 



layer of film where the orientation angle is at the desired angle to the machine 
direction. 

[0018] One process (indicated generally at 28) for making the laminate 

10 is illustrated schematically in FIG. 2 and is referred to as a tandem extrusion 
lamination process. In such a process, two stations 30, 32 are use to apply the cross- 
oriented laminate films 14, 16 (one station 30 for applying the first film 14 to one side 
of the paperboard core 12 and the other station 32 for applying the second film 16 to 
the other side of the paperboard core 12). In such a process, application of the films 
14, 16 is carried out in sequence. That is, the first film layer 14 is applied to the 
paperboard core 12 at the first station 30. As illustrated, a bonding material 24 
applicator 34 can be positioned so as to apply the bonding material 24 between the 
plastic layer 14 and the core 12 at about a roller nip 36. 

[0019] The core 12 with the first layer 14 bonded thereto is then 

conveyed to the second 32 station at which the second film layer 16 is applied to the 
core 12/first layer 14 assembly in much the same manner as the first layer 14. That is, 
a second bonding material 26 applicator 38 is positioned so as to apply the bonding 
material 26 between the plastic layer 16 and the core 12/first layer 14 assembly at 
about a second roller nip 40. Alternately, the films 14, 16 can be applied to the core 
12 in a simultaneous application process. 

[0020] Samples of various materials, including the present lamination 

(or laminate material), were subjected to puncture and tear to determine the increased 
strength of the lamination. A first material was a lamination made in accordance with 
the present invention having (about) a 15 thousandths of an inch (15 mil) paperboard 
core 12 with a first oriented plastic layer 14 on one side of the core 12 and a second 
oriented plastic layer 16 on the other side of the core 12. The plastic layers 14, 16 
were adhered to the core 12 by bonding or tie layers 24, 26. The plastic layers 14, 16 
were each about 1 .5 mil thick HDPE and the tie layers 24, 26 added thickness of 
about 0.5 mils for a total lamination thickness of about 18.5 mils. The plastic layers 
14, 16 were oriented about 90 degrees from one another. 

[0021] A third material include the same materials as the laminate 

assembled in a different manner. The third material included a paperboard core 
(about 15 mils) to which was applied a first tie layer, a first oriented plastic layer 
(about 1 .5 mil layer of HDPE), a second tie layer and a second oriented plastic layer 
(about 1.5 mil layer of HDPE). The tie layers total about 0.5 mils in thickness. That 
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is, the third layer used the same materials in the same amount, but in a different 
construction (paper-plastic-plastic instead of the laminate of the present invention 
plastic-paper-plastic). Again, the plastic layers were oriented about 90 degrees from 
one another. 

[0022] Data for puncture resistance, Elmendorf tear resistance (in the 

machine direction) and puncture propagation tear (PPT) resistance were collected for 
each of the samples, as provided in Table 1 below. 



Product 


Puncture resistance 
(pounds-force) 


Elmendorf Tear 
Resistance (gms- 
force) 


PPT resistance 
(Newtons) 


Paperboard 


less than 1 5 


375 


30 


Paperboard-Plastic- 
Plastic construction 


22 


1000 


54 


Present lamination 


28 


1400 


61 



TABLE 1 - PUNCTURE AND TEAR RESISTANCE OF VARIOUS LAMINATE 

AND BASE MATERIALS 



[0023] As can be seen from the results above, the laminated material 

exhibited considerably greater resistance to failure than did the "raw" paperboard 
material. However, surprisingly, the present laminate (plastic-paperboard-plastic) 
construction exhibited considerably greater resistance to failure than did a laminate 
material formed from the same materials, in the same weights, but in a different 
construction. This was an unexpected and surprising result. 

[0024] It also is contemplated that adhesive laminations could be used 

as an alternative to extrusion lamination. In such a process, it is anticipated that a 
polyurethane adhesive system is used. However, other polymeric adhesive system are 
also contemplated. Here too, there would likely be an advantage to using a two 
station laminator so that both plies of orientated material could be applied to the inner 
paperboard in one pass. Known adhesive lamination equipment includes stations at 
which adhesive is applied to one of the substrates. It is further anticipated that some 
arrangement of drying ovens is used (if necessary) to remove solvents or the like. The 
adhesive coated substrate can then be brought in contact with a second web in some 
form of nip to achieve bonding of the two. 
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[0025] Although the present laminate 10 is described in detail as 

having a paperboard core 12, it is anticipated that other materials may be used to form 
the core or substrate portion 12 of the laminate 10. For example, it is envisioned that 
biaxially oriented polypropylene (BOPP) films, oriented polypropylene (OPP) films, 
polyvinylchloride (PVC) films, polyethylene terephthalate (PET) and metallized 
polyethylene terephthalate (MPET) films, polyethylene and polyethylene derivative 
films, foils and nylon, as well as corrugated cardboard, wood products and corroplast, 
can be used as the core 12. 

[0026] It should be further understood that the title of this section of 

this specification, namely, "Detailed Description Of The Invention' 5 , relates to a 
requirement of the United States Patent Office, and does not imply, nor should be 
inferred to limit the subject matter disclosed herein. 

[0027] In the disclosures, the words "a" or "an" are to be taken to 

include both the singular and the plural. Conversely, any reference to plural items 
shall, where appropriate, include the singular. 

[0028] From the foregoing it will be observed that numerous 

modification and variations can be effectuated without departing from the true spirit 
and scope of the novel concepts of the present invention. It is to be understood that 
no limitation with respect to the specific embodiments illustrated is intended or should 
be inferred. The disclosure is intended to cover by the appended claims all such 
modifications as fall within the scope of the claims. 
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